INTRODUCTION
Engine pollutant emissions are directly determined by the in-cylinder mixing and consequent combustion processes. Ahigh temperature is a condition that promotes the formation of NO X and soot. Thus, many techniques are being explored to reduce the local temperature in-cylinderSwirl can enhance mixing processes and may lead to a more homogeneous mixture. EGR can reduce NO X emissions by diluting the fresh mixture, because reduced oxygen concentration helps minimize thermal NO formation. Fluid flow in an internal combustion engine is one of the most challenging fluid dynamics problems to model. It is because the flow is associated with large density variations.
Further, the fluid motion inside a cylinder is turbulent, unsteady both spatially and temporally. The combustion characteristics were greatly influenced by the details of the fuel preparation and the distribution of fuel in the engine cylinder which was mainly controlled by the in-cylinder fluid dynamics. Further, fuel injection introduces Impact Factor (JCC): 7.6197 SCOPUS Indexed Journal NAAS Rating: 3.11 additional complexities. Pollutant emissions were controlled by the details of the turbulent fuel -air mixing and combustion processes. So, a dedicated understanding of these processes is required to improve performance and reduce emission without compromising fuel economy.
IN -CYLINDER SPRAY
F. Ruiz et al. have designed operation variables, fuel properties and injection systems have been studied. Author had commented that with the high injection pressure the better fuel spray will be obtained and this depends on L/ D ratio. If the ratio is between 1 to 5 the better atomization occurs. It was observed that as swirl number increases better fuel mixing and the penetration is not effective and swirl atomizer is best suited for small tangential ports with relatively large orifice diameters. With swirl atomizers large cone angle will have poor performance, whereas for a cone angle 30º-60º it would
give better results [1] 1 . Wanhua Su et al. focused on wall wetting as this prime parameter which determines the performance of an engine and responsible for emitting pollutions like soot and NO X. As the fuel particles are touching the wall of a cylinder the particles get evaporated without participating in the combustion process, moreover the emission levels also will increase. A bump in the impinging region on a wall can effectively strip off the wall jet after the second jet is formed. There are limitations for the bump design that is the minimum height, for which strip off of the fuel should occur and this value, minimum height to thickness of the initial mixing layer is 0.25 to 0.33. Effective design of the bump will improve the spray inside the combustion chamber and also avoids wall wetting [2] . Jian-Rong Qin et al. 2 worked on research nozzle geometry and spray atomization characteristics have been studied in depth. By using turbulent break up model two kinds of nozzles valve covered orifice and mini SAC have been studied. Fuel injection parameters were incorporated in KIVA -II model with TAB model. The author concluded that change in nozzle geometry influences the atomization process. Importantly discharge coefficient and initial amplitude parameter are so important as they could be varied by the aspect ratio of the nozzle, needle valve shape and discharge direction [3] . Chang Sik Lee et al 3 . studied about the microscopic spray structure of diesel injector, spray tip penetration, particle motion analysis system at various injection pressures by using the Doppler particle analyzer. The computational results were compared with the experimental results conducted by the author [4] . K. H. Lee et al 4 . in this research work PIV method was used to determine the fluid dynamics information of the spray as fuel formation within the cylinder greatly influences the combustion characteristics. By using the Mie scattering method the fuel distribution is visualized. Finally, he concludes that spray is widely distributed according to the elapsed time after injection [5] . Essam M et al. focused on Spray characteristics were observed for HSDI engines with high pressure injection based on high speed photography, and the effects of injection pressure, nozzle size and injection style on spray are investigated. The author concluded the following points (1) higher injection pressure produced
smaller SMD values, longer spray tip penetration and had a small effect on the spray angle.(2) At 45% load the effect of nozzle size on the spray characteristics was larger than the effect of nozzle cone angle. In other words the influence the droplet size are injection pressure and nozzle size.(3) At 45% load and 90MPa injection pressure and increasing the spray angle by 20% have increased the NO X concentration by 16%, and by decreasing the nozzle diameter by 9% then NO X concentration have been increased by 53% [6] . For diesel jet impingement jet distribution depends on the obstacles geometry but not necessarily on number of obstacles. Author had concluded that small obstacles permit very good homogenization within the space that is combustion chamber. A multi jet structure also permits higher air enterainment as compared with a free jet configuration. All these effects would promote fast spatial distribution of diesel jets and, under hot conditions, faster vaporization and better mixing with air [7] . Simulations have been carried and validated with the experimental results. Geometrically induced phase change similar to cavitation, near the nozzle entrance was observed. Three dimensional simulation run in asymmetric injector tip at high injection pressure showed reduced sensitivity to temperature [10] . Wei Ning et al. has developed three dimensional homogeneous equilibrium model has been developed and implemented into an engine CFD code KIVA 3V. The model was applied to simulate cavitating flow within injector nozzle passages. The effects of nozzle passage geometry and injection conditions on the development of cavitation zones and the nozzle discharge coefficient were investigated.
Specifically, the effects of nozzle L/D ratio, R/D ratio and K were simulated and its effects of injection pressure and timevarying injection pressure were also investigated. These effects are well captured by nozzle flow model. Overall, it is found that the nozzle passage geometry has the most critical impact on the flow development inside nozzle and on the resulting nozzle discharge coefficient. Compared to cylindrical nozzles under the same injection conditions, converging nozzles tend to reduce cavitation and thus have larger nozzle discharge coefficients, while diverging nozzles increase cavitation and have smaller nozzle discharge coefficients. It is also cavitation and has larger discharge coefficients compared to sharp inlet nozzles under the same injection conditions [11] . Michele Battistoniet al. in his research work compared two different fuels a standard diesel fuel and pure bio-diesel, the methyl ester of soybean oil have been compared with regard to injection pressure. [12] . Jonas Galle et al. had focused on failure of the injectors and fuel, when bio diesel was used in engines after working for 50 to 1500 hours failure of injectors were taken place and he tried to improve the operation of the engine at the same time what are the reasons of failure of injectors. The different reasons were plastic deformation and clogging of injector's passage, microcracks, erosion and cavitation. It was also observed that physical and chemical composition of the fuel also places a role in the failure of injectors [13] . Author has concluded that with increased accuracy in the modeling of injector the full details of injector are crucial when comparing with the experimental results [14] . Lucio 
CONCLUSIONS
At higher injections, pressures better spray was observed by affecting the discharge coefficient to a small extent.
By means of designing a wall bump. The rich mixture accumulation on the wall of the combustion chamber in a small size engine can be eliminated and the near wall mixing rate can be greatly enhanced. Spray behavior was investigated with different techniques thoroughly. Early combustion injection has greatly influenced the combustion characteristics. Higher injection pressure produced smaller SMD values, longer spray tip penetration and had a small effect on the spray angle.
With different injection angles using computation techniques, simulations have been carried and the competent angle had been identified for complete combustion of all injected particles. The cavitation phenomenon and its occurrence have been discussed widely with the given cavitation patterns. It was also understood how nozzle injector gets failed with respect to cavitation. After conducting a number of experiments the optimal diameter of the nozzle has been identified. 
